This article provides a survey of published literature on technology developed to support people at the early stages of dementia during night time. Studies to date have focussed on Assistive Technology that can address monitoring in a sensor enriched home environment or provide location detection as a safety net. Additionally, studies have promoted therapy (music, reminiscing, lighting or mental stimulation) to improve mood. In NOCTURNAL, we aim for a holistic approach incorporating time pacing, night-time guidance using lighting and simulated presence.
Introduction
People with dementia (PwD) suffer the following symptoms: (a) Irregular and excessive daytime sleeping. (b) Restlessness, wandering and Sundowning, (c) Misunderstanding of time, (d) Vocalisation and shouting, (e) Higher rate of falls, propensity to other accidents and dangers and (f) Sadness and depression.
During the hours of darkness and at night many of these symptoms are exacerbated. Carers have to deal with the consequences of these symptoms, which normally require awaking from sleep to intervene. This provides additional burden to the carer.
Assistive Technology (AT) has been used to assist people in the early stages of dementia. Most of the studies focused on assisting people during the most active period of day. Not so much attention has been paid to the night-time, a period of the day which brings problems of its own and for which the technology designed for the day-light period may need adjustment. Irregular sleep patterns, with excessive daytime sleeping and Sundown syndrome contribute to the night-time problems. This paper will provide an analysis of the existing solutions proposed in the literature, explain our project NOCTURNAL and highlight how our project relates to those previous efforts.
Review of technology
Studies into PwD can be grouped into wandering, sleep disturbance, therapeutic interventions to reduce the chances of dementia sufferers experiencing vocal or physical agitation. Smart Home and AT have already been applied to the assistance of PwD. This technology is intended both for safety applications (e.g. the provision of guidance systems and messages) and to provide sensory stimulation (e.g. multisensory stimulation of light, music and tactile stimulation, sometimes known as Snoezelen, Chung et al. [9] as therapy and ICT for social inclusion.
To date, evidence is not consistent as to the benefit. Martin et al. [18] , in a Cochrane review, reported a lack of empirical evidence to support or refute the use of smart home technologies within health and social care. This is emphasized by a high abandonment rate of projects. Indeed there is less evidence of solutions particularly tailored for the night-time period when the PwD and their carer are particularly vulnerable and in need of ambient assistance.
Ethical issues dominate in this area as technology is introduced. Whereas some solutions such as cameras, microphones and Global Positioning System (GPS) technology may be viewed as intrusive, other technology such as PIR sensors and switches may be more easily accepted by a community which includes PwD, their carers and healthcare professionals.
Monitoring and Alerting in Smart Homes
Arcelus et al. [2] reviewed the smart home technology developed by the TAFETA research group. It described a health monitoring and alarm system which communicated to carers. Wood et al. [31] reported ALARM-NET, a wireless sensor network designed for long-term health monitoring in the assisted living and residential environments. Individual life patterns of the residents were analyzed and fed back to the users. Privacy preservation was a key goal. Franco et al. [10] conducted a feasibility study of a system for noninvasive monitoring of subjects at home. Subjects were fed back results to indicate their perceived level of independence. However there were many negative impressions due to the equipment installation period and the preponderance of cables. Schikhof et al. [23] designed a bedroom monitoring alarm system using movement sensors, a camera and a microphone. The author stated that ethical issues were not a problem, in this case, but of course one must consider the different ethical issues in other countries. Chen et al. [7] produced a bathroom monitoring system to provide statistical usage of bathroom appliances from showering, bathing, cleaning teeth, hands etc. This was accomplished by recording sound effects using a microphone. When a sensor detected the person entered the bathroom, the microphone would switch on and record and classify the sounds made.
Wandering
Shoval et al. [24] used GPS technology to track groups aged 65+ in 3 categories: healthy, mild cognitive impairment and persons with mild dementia. The study addressed the ethical issues of using location monitoring for the benefit of PwD. Wild et al. [29] interviewed people aged 65+ and a family member/friend regarding acceptability of devices such as a health aid/location tracker. Results showed that more concern regarding technology is perceived from the support group than the person to be monitored. Altus et al. [1] evaluated an electronic monitoring system for people who wander. Generally positive results suggested that the device received endorsement from professionals, family caregivers, search and rescue workers, and actual users of the equipment. Campo et al. [5] presented a monitoring system that recorded and learnt a PwD's movements and their whereabouts. Seventeen patients (13 had Alzheimer's disease) were monitored in a short-stay unit. The system calculated mobility parameters (duration and frequency) over variable time intervals. Thus, the patient's profile can be obtained (e.g. number of time he gets up, goes back to bed, visits the toilets, leaves his room, etc.) along with the distance covered during the night. The study is particularly relevant as it contrasts day and night time activity for this group. Miura et al. [19] reported technology for tracking movements of individuals in a residential home using RFID tagged slippers and pressure mats. Makimoto et al. [17] addressed wandering in PwD using similar tags. Twelve consecutive days of movement data were recorded for 8 subjects, during (1) daytime (06:00-21:00), (2) evening (21:00-24:00), and (3) night time (00:00-06:00). six of the eight subjects were detected to have moved during the night-time period, showing various movement patterns. Understanding the pattern of movement at night time may improve the safety of elderly who are at risk of falling.
Reminiscence
Reminiscing includes activities and the use of traditional prompts aimed at stimulating feelings and memories; e.g., the use of multi-sensory triggers to stimulate recall [13] . The impact of reminiscing therapy as an intervention has been examined; e.g., [27] demonstrated how it was valuable and beneficial to people with dementia although [32] found inconclusive evidence of the efficacy of reminiscence therapy for dementia in a Cochrane Review. However, it has been shown that reminiscence in general, but especially life review, are potentially effective methods for the enhancement of psychological well-being in older adults [3] and the therapeutic potential of place-based reminiscence has been proposed as an avenue in enhancing the quality of life for older people in long-term care facilities [6] .
Music
Ziv et al. [34] [4] addressed the effect of music and visual therapy on the "Sundowning" effect. Their results supported the case for music therapy but highlighted difficulties in timing and scheduling of structured sessions. Witzke et al. [30] used music with Alzheimer's patients and reported success in areas of aggression. Raglio et al. [21] investigated the influence of music therapy on people with moderate to severe levels of dementia. Results show increased communication in the group who received the therapy. Sixsmith et al. [25] found that music appeared to have significant effects for people with cognitive impairments. Many of those with Alzheimer's disease, despite aphasia and memory loss, continue to remember and sing old songs and dance to old tunes. Several reviews have illustrated the potential of music therapy for PwD although the underlying cognitive and behavioural processes are still somewhat unclear. They concluded that music is an important source of social cohesion and social contact. It supported inclusion within and outside the household and provided a degree of empowerment and control over their everyday situations. Holmes et al. [14] studied 32 PwD by analysing the reaction either to live interactive music, passive prerecorded music or silence for 30 minutes. Results showed that the visual image of someone playing can provoke a more emotional response.
Lighting for therapy and guidance
Riemersma et al. [22] undertook a randomized controlled trial to determine whether the progression of cognitive and noncognitive symptoms may be ameliorated by bright light and melatonin. Results showed light had a modest benefit in improving some cognitive and non-cognitive symptoms of dementia. Gammack [11] undertook a systematic review on the use of light therapy for depression. The findings stated that results were either inconclusive or inadequate for implementation. Lighting, of course, is of greater relevance at night time, as it can assist with guidance. Torrington et al. [26] addressed guidance lighting for enhancing the well-being of PwD.
Simulated Presence and Verbal Instruction
Simulation presences therapy (SPT) was first described by Woods and Ashley [33] . They used this intervention with 27 people with dementia living in a nursing home and reported it was successful in alleviating 'problem behaviours' such as social isolation, verbal aggression or agitation. Garland et al. [12] carried out a study into the effects of preferred music, simulated family presence (conversational) and a placebo reading from a horticultural text. Results showed that simulated presence helped reduce both physical and verbal agitated behaviour while music was more affective on physical behaviour. Lancioni et al. [15] reported on verbal instructions which were presented via technology in helping persons with mild or moderate Alzheimer's disease perform activities of daily living such as morning bathroom routines, table setting, coffee preparation, and dressing activities. The outcomes were positive and affordable.
Mental training
Chilukoti et al. [8] focused on creating an AT system to promote both physical exercise and cognitive stimulation for patients suffering from Alzheimer's disease and other dementias. Research has shown that certain multi-sensory stimulants such as fiber optic lights and selective colours can be used to relax and control agitation of patients with dementia. By incorporating a mini stationary bike along with a Graphical User Interface, patients can simultaneously participate in physical and cognitive exercises. There is also much recent anecdotal evidence of the effect of brain training using video games. 'Brain exercise' products have been marketed in recent years, promising to help people stay mentally fit as they age and even help prevent dementia. However the Papp et al. [20] reported that research does not support these claims as yet. A review of studies found no good evidence that brain training will either prevent or slow down mental deterioration in healthy older adults.
Technology for carers
LoPresti et al. [16] reported on a distributed cognitive aid with scheduling and interactive task guidance (an enhanced personal digital assistant). Care givers set/adjust the schedule for the PwD. Users were able to complete prescribed tasks, and found the device to be of assistance. Wherton et al. [28] conducted 2 case study interviews. Study 1 involved 20 professional caregivers and Occupation Therapist's recruited from NHS residential care homes. Study 2 involved 8 PwD and 10 caregivers, two of which were actual partners. Study one identified 29 subcategories with a core theme of problems in the home (daily activities, risks and interpersonal interaction). Study 2 involved describing specific ways in which PwD and caregivers compensated for deficits when carrying out everyday tasks and how the environment can make things easier or harder. The main living factors were most prominent from dressing to food and drink and taking prescribed medication. The authors highlighted the user needs for technologically assistance with the problems brought to light during in the interviews.
How do we propose to bridge the gap?
Our project NOCTURNAL, Night Optimised Care Technology for Users Needing Assisted Lifestyles, is designed to address the needs of people at the early stages of dementia to provide therapeutic support and guidance during the hours of darkness. The primary objective of the work is to provide new technological capabilities that improve the services currently on offer. Related objectives to be addressed by the work include investigation of the needs of PwD at night time, developing new algorithms that detect changes in patterns of behaviour of PwD, understanding better the role of lighting to shepherd PwD and the role of bedside music therapy to alleviate feelings of anxiety and disorientation.
Studies listed in Section 2 have targeted specific aspects of PwD. However a holistic approach is required which provides 'event pacing' during the day to keep the PwD regulated to 'time of day' and associated activities of daily living. Regulation of daytime activity can support normalization of the night time routine. Technology may also be used to intervene as appropriate to provide assistance. Daytime applications which could be transferred to assist at night include verbal guidance and illumination system for safety, use of music for soothing, lighting and the use of familiar images for reassurance. We believe that the technology must be based on a user centre design process, with input from various stakeholders: PwD, carers, technologists and health care professionals.
NOCTURNAL will utilise technology which will largely be invisible to the users, but will empower the carer. It will adopt appropriate AT from daytime and provide a holistic approach.
NOCTURNAL will also provide time pacing during the day in an attempt to regularise sleep patterns and dissuade excessive daytime napping. The time pacing will comprise: easy wakening, structured music and reminiscent (photographs) therapy sessions delivered via digital TV. These will be scheduled at a time to suit PwD and carer (via a carer schedule interface). In addition NOCTURNAL will provide lighting guidance to assist with the trip from bedroom to toilet (and back!) during the night. It will utilise current bed switch, toilet switch and PIR sensors to accomplish this. In addition the digital TV can be used to provide a simulated presence and to provide reassuring instruction. If the PwD is guided by the instruction and returns to bed, as appropriate, then NOCTURNAL has achieved its purpose, otherwise an alert can be sent to the carer (or to a remote monitoring station, if applicable).
Conclusions
This survey has illustrated solutions using technology to assist PwD. NOCTURNAL will build upon this with a holistic approach and an emphasis on night-time assistance. The solution may provide lighting guidance, simulated presence and verbal instruction, all of which have merit in the hours of darkness. NOCTURNAL will seek an ambient solution, using tried, tested and familiar technology where possible.
